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Abstract
Introduction: Several studies have reported on the maternal age-associated risks of 
congenital anomalies. However, there is a paucity of studies with comprehensive re-
view of anomalies. We aimed to quantify the risk of birth defects in children born to 
middle-aged mothers compared with that in children born to young or older mothers.
Material and methods: We classified maternal ages into three groups: young 
(<20 years old), middle (20–34 years old) and older age (≥35 years old). Observational 
studies that met our age criteria were eligible for inclusion. The articles searched using 
the Embase and MEDLINE databases were those published from 1989 to January 21, 
2021. The Newcastle–Ottawa scale was used to assess the risk of bias. If heterogene-
ity exceeded 50%, the random effect method was used; otherwise, the fixed-effect 
method was used. Prospero registration number: CRD42021235229.
Results: We included 15 cohort, 14 case–control and 36 cross-sectional studies. The 
pooled unadjusted odds ratio (95% CI) of any congenital anomaly was 1.64 (1.40–1.92) 
and 1.05 (0.95–1.15) in the older and young age groups, respectively (very low quality 
of evidence). The pooled unadjusted odds ratio of chromosomal anomaly was 5.64 
(5.13–6.20) and 0.69 (0.54–0.88) in the older and young age groups, respectively. 
The pooled unadjusted odds ratio of non-chromosomal anomaly was 1.09 (1.01–1.17) 
and 1.10 (1.01–1.21) in the older and young age groups, respectively (very low quality 
of evidence). The incidence of abdominal wall defects was increased in children of 
women in the young maternal age group.
Conclusions: We identified that very low quality evidence suggests that women in 
the older maternal age group had increased odds of having children with congenital 
anomalies compared with those in the 20–34 year age group. There was no increase 
in odds of children with congenital anomalies in women of <20 year age group except 
for abdominal defects compared with those in the 20–34 year age group. The results 
stem from very low quality evidence with no adjustment of confounders.
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1  |  INTRODUC TION

Congenital anomalies refer to structural or functional birth defects.1 
As the average age of pregnancy in current times is older than that 
in the past, birth defects are emerging as an important topic in 
clinical care and public health.1 In some cases, congenital anomalies 
occur due to known causes such as single gene mutation, chromo-
somal abnormalities and environmental factors; however, there are 
many anomalies with unknown causes.2 It has been reported that 
approximately one in 33 newborns has congenital anomaly.3 The 
prevalence of major birth defects does not have significant racial 
differences. However, there may be differences in the prevalence 
of some birth defects (eg neural tube defects depending on folic 
acid supplementation) owing to differences in cultural and social 
environments.4 The socioeconomic burden of birth defects is also 
increasing, with an estimated annual hospital expenditure of $2.6 
billion in the USA.5

In the USA, from 2010 to 2019, the mean age of motherhood rose 
from 27.7 to 29.1 years as the proportion of mothers aged ≥35 years 
increased.6 Similarly, in Europe, the mean age of motherhood showed 
an upward trend from 28.8 years in 2013 to 29.4 years in 2019.7 The 
proportion of childbearing women aged ≥35  years increased from 
15.4% in 2009 to 33.4% in 2019 in Korea (2019).8 Down syndrome, 
one of the most common chromosomal abnormalities, occurs in one 
of 400 and one of 12 pregnancies in 35- and 45-year-old women, 
respectively.9

Lean et al. recently published a study on the relation between 
maternal age and adverse pregnancy outcomes.10 However, to our 
knowledge, systematic reviews and meta-analyses of the associa-
tion between maternal age and congenital anomalies have not been 
published. This study aimed to evaluate quantitatively the risk of 
having children with congenital anomalies in young or older moth-
ers compared with that risk in the reference group (mothers aged 
20–34 years).

2  |  MATERIAL AND METHODS

2.1  |  Eligibility criteria

We analyzed studies which reported both major (eg neutral tube de-
fect) and minor (eg hydrocele) congenital anomalies. Maternal age 
was classified into three groups: young mothers (<20 years old), ref-
erence group (20–34 years old) and older mothers (≥35 years old). 
Cohort, case–control and cross-sectional studies were eligible for 
inclusion.

2.2  |  Information sources and search strategy

This systematic review was conducted in accordance with PRISMA guide-
lines.11 The protocol of this study was registered at PROSPERO (registra-
tion number: CRD42021235229). We searched for articles published 
from 1989 to January 21, 2021, using Embase and MEDLINE databases. 
The search terms were as follows: (maternal age, reproductive age, late 
pregnancy, older mother, maternal risk, maternal factor, maternal vari-
able) AND (congenital anomal* OR deformit* OR birth defect$ OR fetal 
malformation$ OR fetal anomal*) AND (risk OR ratio OR prevalence OR 
incidence OR morbidity OR odds OR hazard OR outcome). The search 
was limited to titles and abstracts. Only articles published in English were 
included but we did not restrict the publication year. We included pub-
lished articles or articles in press among the searched materials.

2.3  |  Selection process

The literature search was conducted independently by three authors 
(DA, JK, JK), and the title and abstract for each study were checked 
thoroughly. The full-text articles were reviewed by the same authors 
for inclusion. Any disagreements were resolved via discussion.

2.4  |  Data collection process and data items

We extracted the following data during the screening phase: title, abstract, 
journal, author name, publication year and publication type. Through a 
full-text assessment, additional data on the authors, study design, age, 
effect measures, number of samples, period, World Health Organization 
region, race/ethnicity and data source were extracted. We included stud-
ies that presented the number of samples or effect measures (eg risk ratio, 
odds ratio and prevalence ratio) according to our age criteria. Studies with-
out available data were excluded when they did not match the age criteria 
set in this study. All studies were included even if the database was dupli-
cated, but the types of anomalies reported were different.

K E Y W O R D S
adolescent pregnancy, chromosomal anomalies, congenital abnormalities, late childbearing, 
non-chromosomal anomalies

Key message

The odds increased in the older maternal group, but not 
in the young maternal group except for an abdominal wall 
defect. Because our results are very low quality evidence 
with no adjustment of confounders based on observational 
studies, caution is required in interpreting the results.
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2.5  |  Assessment of risk of bias

The Newcastle–Ottawa scale was used to assess qualitatively the risk of 
bias for the included cohort and case–control studies.12 For cross-sectional 
studies, the adapted version of the Newcastle–Ottawa scale presented by 
Herzog et al. was used.13 The authors (DA, JK, JK) independently assessed 
the risk of bias of the included studies and verified the quality of the evi-
dence. Any discrepancy in the assessment was resolved via discussion.

2.6  |  Effect measures

It was assumed that the relative risk and odds ratio could be numeri-
cally integrated because congenital anomalies are rare diseases in the 
target population.14 Schmidt and Kohlmann suggested a “rare disease 
assumption” that odds ratio may provide an acceptable approximation 
of relative risk.14 This could be applied when the prevalence or inci-
dence did not exceed 10% in the target population.14 Since the overall 
incidence of congenital anomalies is reported to be approximately 3%, 
we assumed that the odds ratio could be numerically integrated into 
the relative risk.3 We integrated several effect measures, such as odds 
ratio, relative risk, prevalence ratio and risk ratio, into odds ratios. The 
number of samples was used first for the odds ratio calculation, fol-
lowed by the unadjusted value and 95% confidence interval (CI).

2.7  |  Synthesis methods

We performed meta-analyses to calculate the pooled odds and 
the corresponding 95% CI stratified according to maternal age. 
The classification of I2 statistics as presented by Higgins et al. 
was used to evaluate the heterogeneity of the effect measures.15 
The heterogeneity was considered low, moderate and high for I2 
values of 25%, 50% and 75%, respectively. We considered an I2 
value >50% to indicate substantial heterogeneity. If heterogene-
ity exceeded 50%, the random effects method was used; other-
wise, the fixed effects method was used. If an integrated value 
was required within the study, the calculations were performed 
using the Higgins method.15 We considered the results to be sta-
tistically significant when the P-value was <0.05 or when the CI 
did not include 1. REVIEW MANAGER 5.4 software was used to 
synthesize results.

We conducted sensitivity analyses restricted to studies with 
recent publication (2000 or later); overall low risk of bias (rated as 
“good” based on Newcastle-Ottawa scale); and individual study de-
sign (cohort, case–control and cross-sectional design).

Subgroup analyses were conducted for mothers aged 35–
39 years, mothers aged ≥40 years, chromosomal/non-chromosomal 
anomalies, and organ system defects.

Organ system defects were divided into eight categories: central 
nervous system defects, oral cleft/lip defects, heart defects, diges-
tive system defects, abdominal wall defects, diaphragmatic hernias, 
limb and extremity defects, and urogenital defects.

2.8  |  Publication bias

Funnel plots were drawn to evaluate the risk of publication bias 
using the REVIEW MANAGER 5.4 software. Egger's regression test 
was performed using STATA 13 software to evaluate statistically the 
publication bias.

2.9  |  Certainty assessment

The Grading of Recommendations, Assessment, Development and 
Evaluations (GRADE) approach was used to evaluate the strength of the 
clinical practice recommendations. This approach uses a structure that 
rates the confidence in risk estimates as high, moderate, low, or very 
low, based on eight considerations: study limitation, directness, con-
sistency, precision, reporting bias, dose–response association, plausible 
confounders that would decrease the observed effect, and strength of 
association (magnitude of effect).16 For observational studies the as-
sessment starts at “low” level and further upgrading or downgrading is 
carried out based on responses from domain criteria described above.

3  |  RESULTS

3.1  |  Study selection and characteristics

A total of 2504 records were initially found based on the search 
terms. We excluded non-humans, non-article types and conference 
papers. Overall, 1155 records were screened based on their titles 
and abstracts. Further, 962 papers not related to our study topic 
were excluded. A full-text review of 193 papers was conducted, and 
87 papers were selected. We excluded 106 papers according to the 
following criteria: duplicated papers, review articles, non-English 
articles, no full-text available, no quantitative data, and no control 
group. Twenty-three papers were excluded owing to mismatched 
age criteria. Finally, 65 papers were included (Figure  1). These in-
cluded 15 cohort, 14 case–control and 36 cross-sectional studies. 
The characteristics of the included studies are presented in Table 1.

3.2  |  Synthesis of results

3.2.1  |  Overall congenital anomaly

Sixty-two and 52 studies were included in the analyses of older and young 
mothers, respectively. The pooled unadjusted odds ratio of congenital 
anomaly (95% CI) was 1.64 (1.40–1.92) (I2 = 99%) and 1.05 (0.96–1.15) 
(I2 = 88%) in the pregnancies of older and young mothers, respectively 
(Figure 2A,B). A subgroup analysis of the groups including mothers aged 
35–39 years and those aged ≥40 years was performed based on 17 stud-
ies. The pooled unadjusted odds ratio of congenital anomaly was 1.72 
(1.39–2.11) (I2 = 98%) and 3.24 (2.04–5.15) (I2 = 99%) in the groups with 
mothers aged 35–39 years and those aged ≥40 years, respectively.
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3.2.2  |  Chromosomal anomaly

In all, 14 studies and 11 studies were included in the analyses of older 
and young mothers, respectively. The pooled unadjusted odds ratio 
of chromosomal anomaly was 5.64 (5.13–6.20) (I2 = 87%) and 0.69 
(0.54–0.88) (I2 = 78%) in pregnancies of older and young mothers, 
respectively. In older mothers, the unadjusted odds ratio of having a 
child with trisomy 13, 18 and 21 was 2.98 (1.30–6.78) (I2 = 98%), 5.06 
(2.40–10.65) (I2 = 99%) and 6.70 (4.78–9.40) (I2 = 98%), respectively, 
whereas those for young mothers, were 0.88 (0.72–1.09) (I2 = 37%), 
0.93 (0.79–1.09) (I2 = 0%) and 1.01 (0.94–1.08) (I2 = 0%), respectively.

3.2.3  |  Non-chromosomal anomaly

In all, 15 and 14 studies were included in the analyses of older and 
young mothers, respectively. The pooled unadjusted odds ratio of 
having a child with a non-chromosomal anomaly was 1.09 (1.01–
1.17) (I2 = 62%) and 1.10 (1.01–1.21) (I2 = 57%) in older and young 
mothers, respectively.

3.2.4  |  Differences in organ system defects

A subgroup analysis was performed for eight organ system defects: 
central nervous system defects, oral cleft/lip defects, heart de-
fects, digestive system defects, abdominal wall defects, diaphrag-
matic hernias, limb and extremity defects, and urogenital defects. 

The overall results are presented in Table  2. The heterogeneity 
was considerable except for that in the results of oral cleft/lip de-
fects and diaphragmatic hernias. In children of older mothers, the 
incidence of central nervous system defects, oral cleft/lip defects, 
heart defects and urogenital defects was significantly increased. 
In young mothers, the incidence of having children with oral cleft/
lip defects and abdominal wall defects was significantly increased.

3.3  |  Sensitivity analysis

The sensitivity analysis was performed based on the parameters: re-
cent publication, overall low risk of bias, and individual study design. 
The magnitude of the pooled effect remained relatively similar in 
sensitivity analyses (Table 3).

3.4  |  Risk of bias within studies

We assessed the quality of included studies based on the Newcastle–
Ottawa scale. The quality of most studies was rated “good.” Detailed 
assessments are presented in Tables S1–S3.

3.5  |  Publication bias across studies

Funnel plots were drawn for results of overall congenital anoma-
lies (Figures S1 and S2). Egger's regression test confirmed that no 

F I G U R E  1  PRISMA flowchart
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significant publication bias was observed with a P > 0.05 in all funnel 
plots (P = 0.607 in older mothers, P = 0.084 in young mothers).

3.6  |  Certainty assessment

The certainty of evidence was evaluated using the eight domains of 
the primary outcome. According to the GRADE approach, the qual-
ity of the evidence for both cases was rated “very low” (Table 4).

4  |  DISCUSSION

In this systematic review and meta-analysis of observational stud-
ies, we identified that very low quality evidence suggests that older 
mothers had an increased unadjusted odds of having a child with 
congenital anomalies. Edwards syndrome (trisomy 18) and Down 
syndrome (trisomy 21) showed striking results. There was no in-
crease in unadjusted odds of children with congenital anomalies in 
women in the <20 year group except for abdominal defects. As a 
result of the subgroup analysis by organ system defects, very low 
quality evidence suggests that young mothers had an increased un-
adjusted odds of having a child with abdominal wall defects.

Biological mechanisms, such as errors in sister chromatid segrega-
tion and reduction of chromosome cohesion have been suggested as 
factors leading to chromosomal abnormalities in oocytes.82 It has been 
suggested that telomere shortening and increased oxygen free radical 
levels can also reduce the normal chromosomal differentiation of ovar-
ian cells.82 Specific congenital anomalies in oocytes, including non-
chromosomal defects, have been hypothesized to be associated with 
increased opportunities for teratogen exposure, accumulation of envi-
ronmental materials, and increased medical comorbidities, such as ges-
tational diabetes.83 It is thought that a significant positive association 
with high congenital anomalies found in the fetuses of an older mother 
might be explained by these factors. Since congenital anomalies, espe-
cially chromosomal defects, can cause serious disability by affecting 
various organs and reducing fetal survival, efforts to prevent defects 
are necessary for the health of individuals, families and countries.1

Our study showed that in young mothers, the odds of having 
children with chromosomal anomalies decreased, whereas that of 
non-chromosomal anomalies increased; however, the effect was very 
small. In previous studies, the prevalence of chromosomal defects in 
US and European populations clearly showed a tendency to increase 
with maternal age.84,85 Several hypotheses have been suggested as the 
cause of this phenomenon. First, the number of terminations is due to 
the early detection of congenital anomalies, since adult mothers tend 

F I G U R E  2  Risk of congenital anomalies in (A) older mothers and (B) young mothers compared with reference group
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to receive adequate prenatal care.86–88 According to Chen et al., only 
70% of teenage mothers initiated prenatal care in the first trimester of 
pregnancy.89 In contrast, nearly 90% of adult mothers initiated prena-
tal care in the first trimester.89

Secondly, in young mothers, early exposure to risk factors such as 
tobacco, alcohol and illicit drugs may explain the etiology. In the USA 
and the UK, the smoking rate in teenage pregnancies is much higher 
than that in adult pregnancies.89,90 Wong et al. conducted a retrospec-
tive cohort study through the Canadian perinatal and neonatal data-
base, and reported that the rates of tobacco, alcohol, marijuana, opioids 

and cocaine use among teenage mothers were significantly higher than 
those among adult mothers.91 Thirdly, nutrient deficiencies, such as 
folic acid intake problems, may be associated with certain birth defects 
such as neural tube defects and gastrointestinal tract malformation.92,93

We performed subgroup analyses by organ system defects 
and obtained noteworthy results. For older mothers, the overall 
odds of having a child with congenital anomaly with organ system 
defects tended to increase. In contrast, there was no significant 
difference in the odds for most congenital anomalies by organ 
system defects in adolescent pregnancies, except for abdominal 

Organ systems
Number of 
studies (n)

Heterogeneity  
(I2)

Odds ratio  
(95% CI)

Older mothers (compared with reference group)

Central nervous system defect 7 92 1.26 (1.03–1.55)

Oral cleft/lip defect 8 45 1.05 (1.01–1.09)

Heart defect 8 54 1.15 (1.06–1.24)

Digestive system defect 6 50 1.07 (0.90–1.28)

Abdominal wall defect 5 99 0.51 (0.19–1.33)

Diaphragmatic hernia 3 85 1.13 (0.84–1.52)

Limb and extremity defect 8 79 1.12 (0.96–1.31)

Urogenital defect 5 97 1.46 (1.13–1.89)

Young mothers (compared with reference group)

Central nervous system defect 7 86 1.12 (0.92–1.37)

Oral cleft/lip defect 6 0 1.05 (1.01–1.10)

Heart defect 6 83 0.93 (0.79–1.10)

Digestive system defect 5 65 1.17 (0.89–1.55)

Abdominal wall defect 6 98 2.15 (1.26–3.69)

Diaphragmatic hernia 3 0 0.96 (0.87–1.06)

Limb and extremity defect 4 76 1.09 (0.88–1.36)

Urogenital defect 4 88 0.99 (0.81–1.20)

TA B L E  2  Subgroup analysis on the 
difference in risk by organ system defects 
according to age

Sensitivity analysis
Number of 
studies (n)

Heterogeneity 
(I2)

Odds ratio  
(95% CI)

Older mothers (compared with reference group)

Primary analysis 62 99 1.64 (1.40–1.92)

Published in year 2000 or later 49 99 1.48 (1.25–1.75)

Low risk of bias 50 99 1.60 (1.33–1.92)

Cohort 14 99 1.39 (1.06–1.84)

Case–control 13 93 1.20 (1.00–1.44)

Cross-sectional 35 99 2.00 (1.56–2.58)

Young mothers (compared with reference group)

Primary analysis 52 88 1.05 (0.96–1.15)

Published in year 2000 or later 41 90 1.04 (0.95–1.15)

Low risk of bias 43 90 1.02 (0.91–1.15)

Cohort 11 95 1.28 (1.02–1.61)

Case–control 9 52 1,08 (0.97–1.21)

Cross-sectional 32 84 0.94 (0.83–1.07)

TA B L E  3  Sensitivity analysis according 
to publication year, risk of bias, and study 
design
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wall defects and oral cleft/lip defects. Although there are several 
papers showing positive associations between oral cleft/lip de-
fects and older age of mothers, the comprehensive associations 
may be inconclusive.94 In addition, little seems to be known about 
the association between oral cleft/lip defects and young age of 
mothers. Surprisingly, in the current study, only abdominal wall 
defects showed an inverse association with maternal age, and the 
odds was more than double in women of the young maternal age 
group.

Our study has several limitations. It is difficult to identify clearly 
a causal relation between congenital anomalies and maternal age be-
cause most of the included studies had a cross-sectional design. No 
adjustment was made for several risk factors which could be consid-
ered potential confounders, such as specific drug use, obesity, alco-
hol consumption, smoking, folic acid supplementation, gestational 
diabetes and preeclampsia. Different definitions of age criteria may 
result in selection bias due to the exclusion of studies. The diagnos-
tic methods for congenital anomalies may have differed between 
studies due to changes in diagnostic criteria and advances in tech-
nology. Some of the included studies had identical registries, which 
may have resulted in selection bias in the study population. We re-
stricted the eligibility of the studies to those published in English 
only. The search was performed using the Embase and MEDLINE 
databases. We did not contact the study authors directly to clarify 
any information.

Despite these limitations, our study had several strengths. Since 
many studies utilized national registries, the source was reliable and 
contained many samples. In addition, external validity of the study 
would be high, since our research included studies from multiple 
countries and ethnicities worldwide.

5  |  CONCLUSION

We identified that very low quality evidence suggests that women in 
the older maternal age group had increased unadjusted odds of hav-
ing children with congenital anomalies compared with those in the 
20–34 year age group. There was no increase in unadjusted odds of 
children with congenital anomalies in women of <20 year group ex-
cept for abdominal defects compared with those in the 20–34 year 
age group. The results stem from very low quality evidence with no 
adjustment of confounders.
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